Cloud radiative impact assessment over Greenland by active satellite remote sensing: do liquid clouds warm the Greenland ice sheet? by Van Tricht, Kristof et al.
Cloud radiative impact assessment over  
Greenland by active satellite remote sensing: 
VAN TRICHT, K.1*, Lhermitte, S.1, Lenaerts, J.2, L’Ecuyer, T.3, Gorodetskaya, I.1 and van Lipzig, N.1 
1KU Leuven (University of Leuven), Leuven, Belgium; 2IMAU (Utrecht University), Utrecht, The Netherlands;  3University of Wisconsin-Madison, Wisconsin, USA 
* Corresponding author: kristof.vantricht@ees.kuleuven.be 
Do liquid clouds warm the Greenland ice sheet? 
INTRODUCTION 
Clouds are important players in the global climate system with a strong impact on 
the surface energy and mass budget. Yet, this impact remains a key uncertainty in 
climate models, especially in polar regions1. Recent studies have focused on the 
radiative impact of thin liquid clouds over the Greenland ice sheet2. However, the 
impact of such clouds on a large scale is still mostly unknown.  
Active satellite remote sensing has proven to be of great importance for increasing 
the amount of cloud observations. Here it is shown that by including thin liquid 
clouds in an existing satellite-based radiative flux retrieval algorithm, a cloud 
radiative forcing study of these clouds can be conducted over the entire Greenland 
ice sheet. 
Such information is crucial for improving climate models in their representation of 
clouds to ensure reliable future climate projections. 
METHODOLOGY 
RESULTS AND DISCUSSION 
All retrievals are constrained by observations 
Fig. 1: CloudSat/CALIPSO overpasses 
over Greenland, AWS locations and  
West-East transect shown in Fig. 2 
2B-FLXHR-LIDAR3 algorithm retrieves  
broadband (LW and SW) radiative fluxes  
based on satellite observations 
 
 CloudSat/CALIPSO/MODIS satellite  
observations 
 Complementary radar and lidar for  
cloud detection 
 Good temporal/spatial resolution (Fig. 1) 
 Vertically resolved cloud macro- and  
microphysical properties (Fig. 2) 
 Detection of low-level liquid clouds 
2B-FLXHR-LIDAR3 
algorithm 
For every vertical 
satellite profile 
Look for clouds detected 
by CloudSat/CALIPSO 
Determine LWC/IWC content 
Run radiative transfer model 
Retrieve LW/SW radiative fluxes 
Combine with  
ECMWF re-analysis 
 
Validation of 2B-FLXHR-LIDAR 
 
 LWdown  at the surface compared to 14 AWS 
 Mean bias = -0.69 W m-2 
 Mean RMSE = 26.75 
 SWup at TOA compared to CERES observations 
 Good agreement (not shown) 
 Detected clouds compared to ground observations 
 E.g. compared to improved ceilometer algorithm4 
Cloud radiative impact study by sensitivity tests 
 
 Flux algorithm is run with and without cloud liquid water  
 Resulting cloud forcing is subdivided in thin liquid water path (LWP) bins 
 Cloud forcing expressed as a function of LWP, ice content, lower-atmosphere 
temperature and solar position 
 Quantifying liquid cloud forcing as a function of time and location on the ice 
sheet 
Fig. 2: Active radar (CloudSat) and lidar (CALIPSO) 
for vertically resolved detection of clouds 
Satellite observations show the relatively high abundance 
of thin liquid clouds over the entire Greenland ice sheet. 
Sensitivity studies with a radiative transfer model indicate 
that the net forcing of these clouds depends strongly on 
time and location in terms of atmospheric temperature 
and sun positioning. Net cloud forcing at higher latitudes 
shows a stronger seasonal variability with a net cooling in 
summer, while at lower latitudes, seasonal variability is 
smaller. Yearly averages, however, show a net warming 
for all locations. With climate models projecting a still 
increasing abundance of such clouds, further impact 
studies are required. 
CONCLUSION 
Yearly mean net cloud forcing: 
 North: + 17.8 W m-2 
 South: + 14.8 W m-2 
 Central: + 21.7 W m-2 
 CloudSat/CALIPSO cloud observations 
show high cloudiness over most of the ice 
sheet (Fig. 3a) 
 A considerable amount of these clouds 
contains liquid water (Fig. 3b) 
 A high percentage of these liquid clouds 
falls within the ‘thin’ region (10 < LWP < 60 
g m-2) (Fig. 3c) 
 
 Confirmation of the importance of thin liquid 
clouds 
 Surface warming or cooling depends on 
key variables such as solar zenith angle 
(SZA), lower-atmosphere temperature  
and ice water content 
 Studying all observation-based retrievals, 
the key variable that determines the 
warming/cooling effect of thin liquid clouds 
is the SZA (Fig. 4) 
 Net cloud radiative impact thus strongly 
depends on time and location on the 
Greenland ice sheet (Fig. 5) 
 Yearly mean net forcing of these clouds is 
positive 
 
Fig. 3: CloudSat/CALIPSO/MODIS derived maps of (a) total cloudiness, (b) liquid cloud fraction (relative to cloudiness) and (c) liquid 
cloud fraction within 10 < LWP < 60 g m-2 region (relative to liquid cloud fraction) 
Fig. 5: Monthly mean cloud forcing of thin liquid clouds for three regions on 
the Greenland ice sheet 
Fig. 4: Mean dependence of thin liquid clouds on SZA over 
the Greenland ice sheet 
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